On adsorption of some electron-acceptor molecules on the solid films of alltrans-fl-carotene, fl-apo-8'-carotenal, astacene and methylbixin a new absorption band appears on the longer-wavelength side of the spectrum in addition to the original bands. 
these finally dissociating to yield ionic complexes (of type [polyene -I+] with iodine).
The charge-transfer complexes are thought (Mulliken, 1952; Szent-Gy6rgyi, 1960) to play an important role in biological systems. The presence of carotenoids (polyenes) in living systems and in plants is well recognized. Some carotenoid pigments are present in cone layers of eyes (Popper & Greenberg, 1941) , in olfactory areas (Milas et al., 1939; Briggs & Duncan, 1961; Moulton, 1962) , in skin and in membranes (Edwards et al., 1951; Flesch et al., 1955) of animals. Indeed, the presence of carotenoids in chloroplasts strongly suggests their involvement in photosynthesis. It was Platt (1959) who suggested that donor-carotene-acceptor trimolecular complex could be involved in the primary photosynthesis process. Such a complex would shift the carotene absorption band to a much longer wavelength below the absorption bands of chlorophylls, and such a complex would be the energy sink of the whole system. Simple bimolecular chargetransfer complexes may also work in the same way. Charge-transfer mechanisms involving the polyenes may also be responsible for the biological activities associated with these polyenes.
Usually the charge-transfer bands are studied in solutions. Lupinski (1963) observed a new absorption band at 1000nm (10000cm-1) in a mixture of fl-carotene and iodine in 1,2-dichloroethane solution and attributed this to a charge-transfer band of * Present address: Department of Physics, Government P. G. College, Durg, M.P., India. t To whom correspondence should be addressed. (Lucy, 1965 (Lucy, , 1969 Lichti & Lucy, 1967 observed band with Amax. at about 865 nm (11 560 cm-') in the case of 12, we believe, is different from that reported by Lupinski (1963) with lmax at 10X)nm (10000cm-1) in fl-carotene-iodine in 1,2-dichloroethane solution. Indeed, the charge-transfer band observed in the solid state is usually at longer wavelength than that observed in solution (Matsuo, 1965) . Also, the half-width of the band we have observed is approx. 3000cm-1, larger than that of the band observed by Lupinski (1963) . In the other polyenes studied a similar new band is observed on adsorption of the acceptor vapours. In Fig. 2 we present the absorption spectra of the polyenes on adsorption of 12 vapour. The position of this new band depends on the polyene. On adsorption of other acceptor vapours also a similar band appears. We have further examined the effect of the amount of acceptor molecules adsorbed on the donor film surface for all pairs of donor acceptor. This was done by exposing the polyene film to the acceptor vapour for different lengths of time. The maximum length of time of exposure was kept below the time required to reach adsorption saturation under the experimental condition. The actual amount of acceptor vapour adsorbed could not be determined in such experiments. However, the increment of the amount of vapour adsorbed with time in polyene films has been established by adsorption-kinetics studies (Mallik et al., 1979) . A typical result is shown in Fig. 3 of various acceptor vapours are summarized in Table 1 .
According to Mulliken's theory for formation of a charge-transfer complex, to a first approximation one can relate the energy of the charge-transfer band with the ionization potential of the donor and the electron affinity of the acceptor molecule by the linear relation (Chen & Wentworth, 1975): hvCT = ID-Ev + C1
(1) where hvcT is the energy of the lowest-energy intermoelcular charge-transfer band, Iv is the vertical ionization potential of the donor, Ev is the vertical electron affinity of the acceptor and C1 is a constant. (Chen & Wentworth, 1975; Farragher & Page, 1967) . This gives a value of the ionization potential of fl-carotene as 5.44eV. The experimental value (Vilesov, 1960; Vilesov & Terenin, 1960) This low value for the slope could be due to the electron-affinity values used for the plot being absolute rather than vertical. Further, eqn. (1) is only an approximate one. Indeed, such a deviation of slope from unity is a general observation in these types of experiments (McConnel et al., 1953; Foster, 1960) . The use of charge-transfer spectra for the evaluation of a ionization potentials is well known. The ionization potential of an unknown donor can be obtained from the vcT-versus-ID plot for a large number of other donors with a common acceptor,
From this eqn. (2) Fig. 6 . From this spectrum it is observed that, in addition to the new band in the longer-wavelength side, another new absorption band is also observed at about 366nm (27300cm-1). This is the wellknown absorption band of the 13-ion (Slifkin, 1971) . The other absorption band of this molecular ion, expected at about 295 nm (33 900cm-'), has possibly been merged with the original band of this polyene in this region. This band of the 13-ion is also observed with the other polyenes under study. Considering the experimental technique of adsorbing the acceptor molecules on the polyene films, we believe that the possibility of formation of I3-ion in enough concentration as a consequence of the presence of a trace of water is rather remote. It The interactions between the polyenes and I2 that we have studied have some resemblance to those between retinol and I2 reported by complexes. The max. of the observed bands of various polyenes with a particular acceptor is also at much higher energy than that where the corresponding polymethine absorbs.
